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Q1. For the following signal ���� = rep	
 �� ∆ �����, determine the 

complex exponential Fourier series, the trigonometric Fourier series and 

the compact Fourier series. 
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Q1. Solution. The complex exponential Fourier series coefficients 

�� = 1�� � ���������
����
�	

�
 = 1�� � ���������
���	
/!

�	
/! , # = 0, ±1, ±2, … 

�� = 1�� � �0�����
�	
/! + 1�� � )� − +�, �+- .�����
�/���

�� + 1�� � �0���	
/!
�

= 1�� � )� + �, �- .�����
�/���
�� + 1�� � )� − �, �- .�����
�/���

�  

�� = ��� � �����
����
�� + �, �� � ���.�����
�/���

��                           
+ ��� � �����
����

� + −�, �� � ���.�����
�/���
�  
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�� = ��� � �������
�� + �, �� � ����������

�� + ��� � �������
� + −�, �� � ����������

�
= ��� 0�1��� + �, �� 2�!2 3��

� + ��� 0�1�� + −�, �� 2�!2 3�
�

= ��� 00 − �−,�1 + �, �� 20!2 − �−,�!2 3 + ��� 0�,� − 01 + −�, �� 2�,�!2 − 0!2 3 

 

�� = �,�� + −�,2�� + �,�� + −�,2�� = 2�,�� − �,��  

�� = �,��  
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�� = ��� � .�����
�/���
�� + �, �� � ���.�����
�/���

��                   
+ ��� � .�����
�/���

� + −�, �� � ���.�����
�/���
�

= ��� 4 1−5#6� �����
�7��
� + �, �� × 1�5#6��! 9�−5#6�� − 1������
�:���

+ ��� 4 1−5#6� �����
�7�
� + −�, �� × 1�5#6��! 9�−5#6�� − 1������
�:��  

Note: Integration by parts ; < �= = <= − ; = �< 

������>���� = �>� )?� − 1?! - 
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�� = ��� 4 1−5#6� �����
�7��
� + �, �� × 1�5#6��! 9�−5#6�� − 1������
�:���

+ ��� 4 1−5#6� �����
�7�
� + −�, �� × 1�5#6��! 9�−5#6�� − 1������
�:��  

�� = �−5#6��� 91 − ����
�: + �, �� × 1�5#6��! 9−1 − �5#6�, − 1�����
�:
+ �−5#6��� 9�����
� − 1: + −�, �� × 1�5#6��! 9�−5#6�, − 1������
� + 1: 

�� = �−5#6��� 01 − 11 + �−5#6��� 9�����
� − ����
�:                                         
+ �, ���5#6��! 9−1 − 1 + �1 − 5#6�,�����
� + �1 + 5#6�,������
�: 
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�� = �−5#6��� 01 − 11 + �−5#6��� 9�����
� − ����
�:                                         
+ �, ���5#6��! 9−1 − 1 + �1 − 5#6�,�����
� + �1 + 5#6�,������
�: 

�� = �5#6��� 9����
� − �����
�:                                                                               
+ �, ���5#6��! 9−1 − 1 + �1 − 5#6�,�����
� + �1 + 5#6�,������
�: 

�� = ��5#6��!�� 95#6�����
� − 5#6������
�:                                                          
+ �, ���5#6��! 9−1 − 1 + ����
� − 5#6�,����
� + �����
� + 5#6�,�����
�: 
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�� = ��5#6��!�� 95#6�����
� − 5#6������
�:                                                          
+ �, ���5#6��! 9−1 − 1 + ����
� − 5#6�,����
� + �����
� + 5#6�,�����
�: 

�� = �, ���5#6��! 9−1 − 1 + ����
� + �����
�:
= � �����
�, ���5#6��! 9−����
� − ����
� + ��!��
� + 1:
= � �����
�, ���5#6��! 9����
� − 1:!

 

 

Because  �? − 1�! = �? − 1��? − 1� = ?! − 2? + 1 
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�� = � �����
�, ���5#6��! 9����
� − 1:!
 

�� = � �����
�, ���5#6��! 9����
�/!.����
�/! − �����
�/!/:!
= � �����
�����
�, ���5#6��! 9����
�/! − �����
�/!:!
= �, ���5#6��! @25 sin �#6�,2 �D!

 

�� = � ,!, �� Esin �F #6�,2F �
F #6�,2F G! = �,�� sinc! �#6�,2F � ,      # ≠ 0 
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So, 

�� = �,�� sinc! �#6�,2F � = �,�� sinc! )#,�� - ,        # = 0, ±1, ±2, … 

 

Notice that �� = J�	
 sinc!�0� = J�	
 . For this signal, the values of �� are 

real and always positive, and hence, the phase of �� is 0°. 

 

|��| = +�,�0 sinc2 �#60,2F �+ = �,�0 sinc2 �#60,2F � 

∠�� = 0° 
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Since ���� is real-valued signal, we have ��� = ��∗   ,        # = 0, 1, 2, 3, … 
 |���| = +�,�0 sinc2 �#60,2F �+ = �,�0 sinc2 �#60,2F � 

 ∠��� = 0° 

 

The average value or DC value is 
 

�� = �,�� sinc!�0� = �,��  
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The trigonometric Fourier series is 

���� = ?�2 + P0?� cos�#6��� + R� sin�#6���1S
�TU   ,     6� = 2F��  

 

where the coefficients are calculated as 

?� = 2�� � ���� cos�#6��� ���
�	

�
    ,        # = 0, 1, 2, 3, … 

R� = 2�� � ���� sin�#6��� ���
�	

�
    ,        # = 0, 1, 2, 3, … 

Since ���� is even, then R� = 0, ∀#, and ?� = W	
 ; ���� cos�#6��� ���
�	
/!�
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�� = ?�2 − 5 R�2 = �,�0 sinc2 �#60,2F � − 50  ,        # = 0, 1, 2, 3, … 

?� = 2 ReY��Z  ,        # = 0, 1, 2, 3, … R� = −2 ImY��Z ,        # = 0, 1, 2, 3, … 

Hence, 

?� = 2�,��  

?� = 2�,�0 sinc2 �#60,2F � 

R� = 0 

 

Copyright © Prof. Mohammed Hawa                               Electrical Engineering Department, The University of Jordan #14 

The compact Fourier series is 

���� = ]�2 + P ]� cos�#6�� − ^��S
�TU = ]�2 + P ]� cos�#6�� + _��S

�TU , 6� = 2F��  

]� = `?�! + R�!  = `?�! + 0! = |?�| = +2�,�� sinc! �#6�,2F �+ 
^� = tan�U )R�?�-  = tan�U ) 0?�- = 0° 

]� = 2|��| 
^� = −∠�� = tan�U c−ImY��ZReY��Z d  ,       _� = ∠�� 
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Q2. For the following signal ���� = repe �3 ∆ � �!.e��, determine the 

complex exponential Fourier series, the trigonometric Fourier series and 

the compact Fourier series. 

 

 

 

x(t)

t

0 T0 = 5 10−5−10 15−15

A = 3
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Q2. Solution. Please do the integrals again, or just substitute to get 

�� = �,�� sinc! �#6�,2F � = �,�� sinc! )#,��- = 3 × 2.55 sinc! )# × 2.55 - = 32 sinc! �#2� 

?� = 2�,�� sinc! �#6�,2F � = 3 sinc! �#2� 

R� = 0 

The average value is �� = 32 sinc! ��!� = h! = 1.5. 

]� = 2|��| 
^� = −∠�� = tan�U c−ImY��ZReY��Z d 



Copyright © Prof. Mohammed Hawa                               Electrical Engineering Department, The University of Jordan #17 

�� = 32 sinc2 )02- = 32 |��| = 1.5 ∠�� = 0 

�U = 32 sinc2 )12- = 32 sin!�F/2��F/2�! = 6F! |�U| = 0.6079 ∠�U = 0 

�! = 32 sinc2 )22- = 32 sin!�F��F�! = 3 × 02F!  |�!| = 0 ∠�! = 0 

�h = 32 sinc2 )32- = 32 sin!�3F/2��3F/2�! = 23F! |�h| = 0.0675 ∠�h = 0 

�W = 32 sinc2 )42- = 32 sin!�2F��2F�! = 3 × 08F!  |�W| = 0 ∠�W = 0 

�e = 32 sinc2 )52- = 32 sin!�5F/2��5F/2�! = 625F! |�e| = 0.0243 ∠�e = 0 

….   
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Q3. For the following signal ���� = repW �2 ∆ ���!! ��, determine the 

complex exponential Fourier series, the trigonometric Fourier series and 

the compact Fourier series. 

 
 

 

 

x(t)

t

0 T0 = 4 8−4−8 12−12

A = 2
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Q3. Solution. Notice that ���� is an even signal. Hence, 

?� = 4�� � ���� cos�#6��� ���
�	
/!
�
 = 4�� � )2��� �- cos�#6��� ��	
/!

�  

 

?� = 4�� � )2��� �- cos�0� ��	
/!
� = 4�� × 2��� � � ��	
/!

� = 4�� × 2��� 2�!2 3�
	
/!

= 4�� × 2��� 2���/2�!2 − 0!2 3 = � 

 

Hence, the average value (DC value) is 

�� = ?�2 = �2 
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?� = 4�� � )2��� �- cos�#6��� ��	
/!
� = 4�� × 2��� � � cos�#6��� ��	
/!

�  

 

Note: Integration by parts ; < �= = <= − ; = �< 

� � cos�?�� �� = 1?! cos�?�� + �? sin�?�� 

 

?� = 4�� × 2��� 4 1�#6��! cos�#6��� + �#6� sin�#6���7�
	
/!
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?� = 4�� × 2��� 4 1�#6��! cos�#6��� + �#6� sin�#6���7�
	
/!

= 4�� × 2��� 4 1�#6��! cos )#6���2 - + ��/2#6� sin )#6���2 - − 1�#6��!7
= 4�� × 2��� 4 1�#6��! cos�#F� + ��/2#6� sin�#F� − 1�#6��!7
= 4�� × 2��� × 1�#6��! 0cos�#F� − 11 

?� = 2��#F�! 0cos�#F� − 11,      # ≠ 0 

R� = 0,      ∀# 
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Hence, 

?� = 2��#F�! 0cos�#F� − 11 = 0  ,        ∀# = even 

?� = 2��#F�! 0cos�#F� − 11 = −4��#F�!   ,        ∀# = odd 

R� = 0,      ∀# 

Also, 

�� = ?�2 = �2 

�� = ?�2 − 5 R�2 = ��#F�! 0cos�#F� − 11 − 50 
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Alternatively, we can use Fourier transform (and Fourier series) 

properties to quickly come up with the second equation, 
 

�� = �,�� sinc! �#6�,2F � �����
�
 = ���/2�� sinc! )#6���/22F - �����
	
/!
= �2 sinc! �#2� ����p,      # ≠ 0 

 

The compact Fourier series is 

]� = 2|��| = `?�! + R�! = |?�| 
^� = −∠�� = tan�U c−ImY��ZReY��Z d = tan�U )R�?�- = tan�U ) 0?�- = #F ≡ F 
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Q4. For the following signal ���� = rep!Y6 ∆�� − 0.5�Z − 3, determine the 

complex exponential Fourier series, the trigonometric Fourier series and 

the compact Fourier series. 

 

 

x(t)

t

0 4−2−4 6−6

A = 3

T0 = 2

−A = −3
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Q4. Solution. ?� = 0 

 ?� = 0,      # ≠ 0 

 

R� = 8��#F�! sin �#F2 � =
⎩⎪⎨
⎪⎧ 0, # even8��#F�! , # = 1, 5, 9, 13, …−8��#F�! , # = 3, 7, 11, 15, … 
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�� = ?�2 = 0 

�� = ?�2 − 5 R�2 = 0 − 5 4��#F�! sin �#F2 � ,      # ≠ 0 

Alternatively, from Fourier transform (and Fourier series) properties, 

�� = 2�,�� sinc! �#6�,2F � �����
�
 = 2���/2�� sinc! )#6���/22F - �����
	
/W
= � sinc! �#2� ����p! ,      # ≠ 0 

|��| = ]�2 = v 0,   # even4��#F�! , # odd  ∠�� = −^� = −#F2 = w 0, # even−F/2, # = 1, 5, 9, 13, …F/2, # = 3, 7, 11, 15, … 
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Q5. For the following signal ���� = rep	
Y� δ���Z, determine the complex 

exponential Fourier series, the trigonometric Fourier series and the 

compact Fourier series. 

 

 

 

x(t)

t

0 T0 = 4 8−4−8 12−12

A = 2
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Q1. Solution. The complex exponential Fourier series coefficients 
 

�� = 1�� � ���������
����
�	

�
 = 1�� � ���������
���	
/!

�	
/! , # = 0, ±1, ±2, … 

�� = 1�� � �δ��������
���	
/!
�	
/! = ��� � δ��������
���	
/!

�	
/!  

An important property of the impulse function (called the sampling 

property) is 

� ����δ�� − �����S
�S = ����� � δ�� − �����S

�S = ����� 
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�� = ��� � δ��������
���	
/!
�	
/! = ��� �����
×� = ��� ,        # = 0, ±1, ±2, … 

|��| = + ���+ = ��� 

∠�� = 0° 

Since ���� is real-valued signal, we have ��� = ��∗   ,        # = 0, 1, 2, 3, … 
 

|���| = + ���+ = ��� 

 ∠��� = 0° 
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The trigonometric Fourier series is 

�� = ?�2 − 5 R�2 = ��� − 50  ,        # = 0, 1, 2, 3, … 

Hence, 

?� = 2���  

 

?� = 2���  

 R� = 0 
 


